We describe a case of post-traumatic high-flow carotid-cavernous fistula that was successfully treated with coils and pipeline embolization device. Following the endovascular treatment, the patient experienced clinical improvement of symptoms with complete anatomical restoration of the internal carotid artery.
Background
Carotid-cavernous fistulas (CCFs) are abnormal arteriovenous communications in the cavernous sinus, arising spontaneously or more commonly secondary to trauma. Direct CCFs result from a tear in the intracavernous carotid artery, which typically have high flow, usually present with ocular-orbital venous congestive features and ocular bruit. They can be challenging lesions to treat and a variety of modalities and approaches have been proposed in the recent literature.
Case Presentation
A 28-year-old male, who was hit by a bus 6 months earlier present proptosis and diplopia. Ophthalmologic exam demonstrated palsy of the oculomotor nerve. Computer tomography (CT) angiography revealed an enlarged superior ophthalmic vein and early opacification of the left cavernous sinus and cortical veins. Diagnostic cerebral angiography demonstrated a high flow CCF with outflow via the superior ophthalmic veins, and into the cavernous sinus bilaterally and ipsilateral cortical veins and deep draining system (Fig. 1) . Under general anesthesia and heparinization (100U/Kg/IV bolus) through the right femoral artery puncture a long sheath of Neuronmax 8Fr (Penumbra Inc.) was placed co-axially with a diagnostic catheter, curve Simmons 2, 125 cm length, at the origin of the left internal carotid artery.
Then a Neuron 6Fr, 070" (Penumbra Inc.) catheter was placed at the distal cervical segment of the left ICA for navigation of an Echelon 14 (Medtronic) microcatheter in the left cavernous sinus for placement of two coils. After securing the coils a Marksman (Medtronic) microcatheter was utilized to deliver a Pipeline Embolization Device (PED) (Medtronic) measuring 4,5 x 25 mm within the (ICA). The final contrast injections showed faint opacification of the left cavernous sinus (Fig. 2) . The procedure ended without complications and the proptosis was immediately cured. Angiographic CT and DSAs were performed on the followup months to assess the stability of the treatment. A 6-month follow-up digital subtraction angiography (DSA) demonstrated stable obliteration of the fistula, coincident with complete resolution of the patient symptoms (Fig. 3) . 
Discussion
Late complications of head injury are well known, but many may be very difficult to resolve, leading to the continuous development of new treatment techniques. Arterial injuries are among the most common early and late complications of major head trauma. Dissections, pseudoaneurysms, thrombosis, tears and fistulas have all been reported as post-trauma findings. Therefore, the assessment of arterial lesions should be a concern both in the emergency room and in the office follow up consultations.
The objective of the treatment of CCFs is the occlusion of fistulous communication between the internal carotid artery and the cavernous sinus with preservation of the arterial patency. From 1970 the treatment began with detachable balloons with positioning through the arterial side of a latex balloon fixed on the extremity of a microcatheter and delivery inside the fistula being directed by the hyperflow of the fistula 1 . The main problems related with detachable balloons were: early disinflation, difficulty in navigation to the cavernous sinus, early detachment in the internal carotid artery and difficulty on the adaptation of the size of the balloon inside the fistula, resulting in the growing discontinuation of this method. The embolization of the cavernous sinus through the arterial route using coils has become the method of choice. During embolization a temporary balloon catheter is positioned in the internal carotid to prevent the prolapse of coils and to serve as a three dimension anatomical parameter. Other treatment options include: embolization of the cavernous sinus through venous side, therapeutic occlusion of the internal carotid artery or the use of stent grafts. Recently the use of flow diverters for the treatment of direct CCFs has been described [2] [3] [4] [5] [6] [7] [8] [9] . these devices appear to be an effective option and should be incorporated in the armamentarium for the treatment of direct CCFs in association with the embolization of the cavernous sinus either through the arterial or venous route. 
Pradeep et al. described two cases of traumatic direct CCF.
In the first case they used two FD in a telescoped way and embolization of the cavernous sinus through the venous side with Onyx HD 500 and coils. In the second case they used 3 FDs and embolization of the cavernous sinus with Onyx by the venous side 9 .
One of the major limitations to the use of PEDs in patients with traumatic CCFs is the requirement for dual antiplatelet therapy; particularly in patients with additional injuries. Others problems include high procedural costs and the lack of long term followup data. The literature suggests that the patient needs to be maintained on dual antiplatelet for 06 months and aspirin for life, leading to an increase risk of bleeding events. In light of these challenges, some authors suggest a staged approach that initially uses traditional techniques for CCF occlusion, later combined with the synergistic effect of flow diversion 9 .
Conclusion
Flow diverters were initially approved for the treatment of giant large neck aneurysms located in the internal carotid artery between the petrous segment and superior hypophyseal segment. However techniques and applications of the new generations of flow diverters are evolving with new therapeutic possibilities. We believe that
